Abstract Tone burst evoked auditory brainstem responses and auditory steady state responses with 40 or > 80 Hz modulation can be used to determine frequency specifi c threshold.
Introduction
Auditory brainstem response (ABR) measurements with click stimuli are generally considered to be the fi rst option for assessing hearing in young children objectively [1] . Click evoked ABR evaluates the auditory function in the frequency range of 1000 to 4000Hz [2] . Another option for obtaining frequency-specifi c threshold is to measure the auditory steady-state responses (ASSRs) as has been shown by Herdman et al, [3] . First reports on ASSR could be observed in early eighties [4] .
Attempts to fi nd frequency-specifi c responses have shown that the ABR can also be evoked with short tones or tone bursts [5, 6, 7, 8, 9 & 10] . Several studies have shown that tone-burst ABR thresholds and behavioral thresholds are well correlated [7 & 9] ; however, the morphology of the response to tone-burst ABRs was reported to be poor [10, 11, 1 & 12] . The recordings should be made of a larger number of responses for tone burst ABR than is the case with the standard click ABR as has been suggested by Stapells, [1] . This implies relatively long recording times.
The Auditory steady response is scalp recorded potentials that arises in response to amplitude and frequency modulated tone [13, 14] . The response is a complex periodic wave and is phase locked to the modulation envelope of the stimulus. ASSR can be elicited by a wide range of modulation frequencies, but rates around 70 to 100 Hz has been most effective for testing hearing sensitivity. The resulting potential has an equivalent latency of approximately 10 msec, suggesting brainstem generators [15] , and like the transient ABR, is relatively unaffected by subject state (Sleep/sedation) [15, 16] .
Galambos et al, [4] recorded responses to 250Hz tone-bursts at repetition rates of 10Hz and 40Hz. A clear amplitude maximum was found at a repetition rate of 40Hz and it was suggested that the 40Hz potential was mainly the result of super-positioning of middle-latency responses (MLRs). However, tonotopic organization of steady-state magnetic-fi eld sources contradicts on overlapping MLRs but show N1m potential [17, 18, 19] .
Despite initial attention paid to the 40Hz ASSR, it has hardly been used in clinical practice. One reason is that the response is adversely affected by natural sleep or druginduced sleep [20] . Cohen et al, [15] demonstrated that although smaller & maximum between 80Hz and 100Hz in contrast to 40Hz responses, ASSRs with higher modulation frequencies (80-100Hz) can be recorded even in sedated subjects [21] . This may be an important reason why the former has not yet received wide application as a clinical tool. However, the response to 80-100Hz modulation frequencies is relatively smaller compared to the 40Hz response and a much lower signal to noise ratio (SNR) is obtained. Consequently, relatively larger recording times are needed to fi nd a signifi cant response (above the background noise level) at modulation frequencies of 80Hz and above.
Studies reporting ASSR thresholds across various degrees of hearing loss agree that closer correlation exists between ASSR and behavioral thresholds for more severe degrees of hearing impairment [21] . Rance and colleagues demonstrated that the ASSR predicted severe to profound thresholds to within 10 dB on 96% of occasions.
As tone ABR and ASSR are the two approaches that help us to estimate the thresholds, having their own merits & demerits, studies have compared the threshold estimation in both. Cone-Wesson et al, [12] reviewed a study in which ASSR and tone ABR were compared at 500 Hz and 4000Hz in normal adults. Results showed a good correlation between ASSR and tone-burst ABR threshold when objective technique (Fsp) was applied in the detection of tone-burst ABR. But tone-burst ABR was better than ASSR in the detection of thresholds when subjective methods were used to determine thresholds in tone-burst ABR. The ASSR thresholds were poorer by 8 to 27dB. There are different systems used to record the tone-burst ABR and ASSR. The recording times also differed signifi cantly between the two methods, namely 240s for the tone-burst ABR and 95s for the ASSR. However, Aoyagi et al, [22] reported that ASSR is more accurate when compared to tone ABR, in determining thresholds in younger children. This conclusion was based on an investigation comparing tone ABR and ASSR at 1000Hz in subjects with different confi guration of hearing loss. Statistical analysis showed no signifi cant difference between tone-ABR and ASSR threshold. However, hearing prediction using 80Hz ASSR was more accurate than auditory brainstem response elicited by tone.
Reijden et al, [23] had compared tone-evoked auditory brainstem responses and ASSR with 40Hz and 90Hz amplitude modulation, using the same equipment and recording parameters, to determine which of these three methods was most accurately correlated with the behavioral hearing thresholds in response to 500Hz and 2000Hz stimuli in eleven awake adults with normal hearing. Estimated thresholds obtained with the three methods were 10, 18, and 26dBSL at 500Hz and 10, 12, and 22 dBSL at 2000Hz, using 40Hz, 90Hz ASSR and tone-burst ABR, respectively. ASSRs with 40Hz amplitude modulated stimuli produced signifi cantly better results, where as tone-burst ABR produced the poorest results. 40Hz ASSR showed superior results especially at 500Hz.
It is clear from the above discussion that there is equivocal fi nding in the estimation of hearing threshold between tone-burst ABR and ASSR. Moreover there is scarcity of details on low, mid and high frequencies effect on threshold estimation. The present study was taken up to check for the effi cacy of estimating hearing thresholds by different methods such as ASSR and tone burst ABR. The frequency effect (low, mid and high) on estimating of the hearing threshold was also focused upon.
Method
Subjects 20 adults in the age range of 16 to 30 years participated in the study. All the subjects had normal hearing sensitivity (within 15 dB across 250Hz to 8 KHz). All the subjects had 'A' type tympanogram with acoustic refl exes present bilaterally.
Procedure
The following procedures were carried out in sequence in a sound treated room within the hospital remises.
• Initially behavioral hearing thresholds were determined for each participant using a two channel pure tone audiometer GSI 61. • Middle ear function was evaluated using GSI TYMP STAR (version II) middle ear analyzer.
• GSI Audera was used for getting the ASSR. ASSR was carried out at three carrier frequencies i.e 500Hz (low), 2000Hz (mid) and 4000Hz (high). These carrier frequencies were modulated in terms
